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A-rw  Lines  in  Ike  Extreme  Ullra-Violel  oj  Certain  Sfelah. 

By  D.  S.  AiNsi  IK.  M.A..  and  I>.  S.  Fumkb,  MA. 
Univi-rsity  of  Toronto. 

J'rescntitl  by  Proucssor  E.  F.  Bvrtox.  Ph.D..  F.R.S.C. 

(Read  May  MeelinK,  19>8.) 

1  he  experiment!,  descrilx^d  IkIow  form  an  extension  of  the  recent 
work  of  I.yman  "  Handke,'  Wolff.'  and  Saundcr.«.  on  the  extreme  ultra- 

violet  region.  „i.«„ 

Bv  usin-  a  fluorite  vacuum  spectroscope  and  a  vacuum  arc  amp. 
nh(.t..Kraphs  of  spectral  lines  *-ere  obtained  free  frr.m  the  disturbance 
!lue  to  the  aljsorption  of  the  liRht  by  glass,  (luartz  or  air.  The  arc 
culd  1«  manipulatetl  fr..m  the  outside  of  the  case-  of  the  spcctro- 
graph:  the  current  range.1  from  four  to  fifteen  amperes,  accordmg  to 

the  metal  used.  .  .     . 

For  the  hard  metals  with  high  melting  pomts  the  tcrmmals 
of  the  arc  were  made  of  the  metal:  when  a  soft  metal  was  used,  the 
terminals  were  made  of  iron  and  *-ere  hollowed  out  m  a  cup-shaped 
cavity  in  which  the  metal  sample  was  placed. 

The  whole  apparatus  was  connected  up  by  a  lead  pipe  to  a  set 
of  trimount  oil  pumps  in  series,  so  that  it  could  be  quickly  evacuated. 
The  vacuum  was  tested  by  having  a  discharge  tube  sealed  m  by  a 
side  connection.  The  vacuum  used  when  photographs  were  bemg 
taken  was  that  which  gives  a  dark,  green  discharge. 

A  hvdrogen  discharge  tube  fitted  with  a  fluonte  window  was 

rranged'in  the  app        'is.  so  that  on  one  and  the  same  plate  there 

Id  he  obtained  bou     ne  hydrogen  spectrum  and  the  spectrum  ol 

,  «iN   n  metal  in  the  same  region.     By  adjusting  the  cover  slit,  a 

l„tot  raph  of  the  gas  spectrum  could  be  obtained  on  the  bottom  of  the 

iate    and  then,  without  moving  the  plate,  the  cover  slit  could  be 

,ljust.  ,1    the  discharge  tube  could  be  replaced  by  the  vacuum  arc 

nul  uuis  the  spectrum  of  the  metal  could  be  thrown  on  the  same 

I  above  the  hydrogen  spectrum.    This  afforded  a  means  of 

iR  each  metal  spectrum  with  t'    t  of  the  gas^ 

1  N  man:  Spectroscopy  of  the  Extreme  '       aviolet  (Longmaiu). 
Handke:  Inaug.  Dim.  Berlin.,  Aug.  19t. ). 
Wolff:  Ann.  de.  Phys.  42  p.  825,  1913. 
aunders:  Astro  phys.  Jour.  t3,  p.  234,  1916. 
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It  i>  ini|Mirtant  to  ni>tin'  that  in  nlitaininj;  the  stpt-rtra  of  mctnltt, 
the  sffomlary  Ka?*  !<(Krtrum  i«.  always  present  Ihu*,  l)y  having  iht' 
Kast  >>|MTlruni  i>  aic«li.il«-ly  al>ovc,  and  on  ttit-  ime  plate,  the  lim  :<  due 
to  the  Ka>  thai  iniKht  otIierwiM'  Ih-  .ittrilniteil  to  the  metal,  coiikl  In* 
CiiKily  piikeil  out.  When  an  intermittent  arc,  iihtaiiied  liy  iisinK  a 
hmall  current,  w,i>  um-<I,  the  time  of  exposure  was  lonKi'r  and  the 
M'comlary  s|)ectruni  always  came  up  siroiin,  while  when  a  hi^h  currert 
was  usetl,  ihi-  arc  remaine<l  nuich  more  stea«ly  and  the  seci^mlary 
spectrum  w.is  much  weaker  relatively  to  that  of  the  metal. 

The  lePKih  of  the  ex(>osure  ranKc<t  from  5  to  10  minutes  for  the 
met.ds.  The  -f.ulier  the  arc  remained,  the  shorter  the  time  requireil. 
When  lieing  usi-d,  thv  arc  could  always  \rc  ol>f«rvcfl  tK-ni-jh  a  glasu 
window  sealed  in  the  end  of  the  casing  of  the  arc. 

The  apparatus  was  connected  up  to  a  hydroR'-  that  when 

not  in  Use  it  coultl  Ix.'  filled  with  hydrogen  gas.  ■  /drogen  gas, 

together  with   phosphorous  peiitfxide  kept   the  interior  free   from 
moisture. 

Rksults. 

With  the  apparatus  descrilK'd  alH)ve,  the  vacuum  arc  spectra 
of  lead,  tin,  iron,  nickel,  cobalt,  ami  thallium  were  investigated;  also 
the  spectra  of  copper,  alur..inium,  zinc,  and  carlion,  which  were 
studied  l)y  Ainslie  last  year,  were  repeated,  and  the  wave  lengths  of 
lines  carefully  measureil  again. 

In  c.dcul.iting  the  wave  lengths  of  the  lines  of  these  different 
spectra,  tx'rtain  lines  previou.sly  determinetl  were  used  as  standards. 
From  these  lines,  by  means  of  graphical  Interpol. ition,  the  various 
lines  were  carefully  measured.  In  working  with  a  pri.sm  spectroscope 
it  is  necessary  to  use  quite  a  large  numl)er  of  lines  as  standards,  in 
order  to  get  airurate  result  '  y  graphical  means.  It  is  impos.sible 
to  get  results  with  this  insi  ent  by  refer ling  to  a  few  standard 
lines,  such  as  Saunlcrs  did  using  a  grating  spectroscope.  For 
the  region  from  1850<|e<n:i,  hydrogen  and  aluminium  lines  measured 
by  Lyman,  and  for  il»e  rigion  alxive  18S0,  carbon  monoxide  by  Lyman, 
and  CO  ■  ;.  •■  and  thai,  in  'ines  by  Eder  and  Valenta,  w^ere  used. 

Copper. 
The  copper  vacuum  arc  spectrum  was  obtained  by  using  a  current 
of  alx>ut  9  amperes.  With  this  current  the  arc  was  almost  con- 
tinuous. The  results  obtained  agree  fairly  well  with  those  of  Eder 
and  Valenta  for  the  region  covered  by  their  work  and  from  A  1750 
down  they  agree  with  the  values  of  Handke'  obtained  by  using  a 
copper  spark. 

'  Lytnan,  Spectroscopy  of  the  Extreme  Ultra-Viotet,  p.  122. 
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Aluminium. 


The  vacuum  arc  spectrum  for  al"-';"-- ^^^^^^^^^^^^^^^ 
aluminium  al.-ne  as  terminals  u>  the  ardamp^   1  he  arc  ^^^^  J^ 

(or  short  ,xri.ds  but  w^s  mostly  •"termUtent      ^o^    ^^  ^^^^^^ 

continually  in  order  to  obtain  a  photograph. 


[ainslif.-fullerI 
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The  vacuum  arc  spectrum  of  zinc  was  obtained  by  putting  zinc 
in  iron  terminals  in  the  arc  lamp.  The  current  used  ..s  6  arn^ro. 
which  gave  a  fairly  continuous  and  intense  arc.  The  lines  obtained 
d.  not  agree  with  the  values  given  by  Handke>  for  a  zinc  spark. 
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S.  Saunders,  Astrophysical  Journal  Vol.  43,  p.  239.   1916.    W.  WoW-Lyman. 
Spectroscopy  of  the  Extreme  Ultra-Violet,  p.  123. 


iTlwie  two  lines  may  be  due  to  cadmium  but  they  appear  to  be  »inc. 
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Carbon. 


The  carbon  vacuun.  arc  spectrun.  ^l^^^^;;^^^^ :^ 
alone  as  terminals  in  the  --^^^['^liX-.Tn  addition  to  the 

spectrum.  Upon  measur.nR  some  "^^J^ J^J  ^^^'^^  „f  ^^e  carbon 
found  that  their  wave  lengths  were  '^^^'^^.^^'^^ '^^  \^,  „,y  be 
monoxide  spectrum  obtained  h-om  ^^^'^  .^^^^^^^"'^i.H  Temperature 
due  to  the  fact  that  the  carb<m  arc  is  at  a  ver>  nig  I- 

^r.mn  ired  to  that  of  the  discharge  tube. 

Thtl in=,  ot  the  .pccra  .(  copper,  aluminium,  zinc  and  carton 
...re  ^a'Lroci  la.,  year  by  Ai„*.  u.n.  -he  »jre  «PP™  » ,^- 

ins  lines  for  comparison.  .  ,    , 

':^ra^;'lSs.[..SO.,^.«..an..«..^.^ 

a.  line,  ol  cer.a.n  "'B'"^   J^'  'Z'^.n^  of  allthe  metal,  worke,! 
defined  triplet  and  was  found  in  tnc  spitii- 

with  except  zinc. 

Line  Spectrim  of  Carbon 
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Iron 

The  vacuum  arc  spectrum  of  iron  was  obtained  by  using  iron 
UTnJni  i?.  the  vacuum  arc  lamp.  A  current  of  15  amj^res  was 
u^d  but  even  with  this  high  current  the  arc  was  mterm  ttent  and 
not  ver>  bright,  which  made  it  difficult  to  get  a  good  photograph  of 
the  spectrum. 
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B.  Bloch,  Journal  de  Physique,  5  Sirie,  p.  628,  1914. 
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Tin. 


To  ..btain  'he  vacuum  arc  spectrum  of  tin,  some  pure  tm  metal 
....  I^tintl  terminals  in  the  vacuum  arc  lamp,  the  current  was  5 
wLres  which  gave  an  intense  intermittent  arc.  Lines  were  found 
fn  t&ctrun  to  extend  far  down  in  the  ultra-violet  region. 
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Thallium. 
The    thallium  vacuum  arc  spectrum  was  obtained  by  putting 
,Han-um  ii  iron  terminal.     ^^^  -rent  used  ..s  al^ut  6  a^^^^^^^^ 
u-  .h  a  ivp  a  continuous  and  mtense  arc.     1  here  is  co  .siucriu  c 
:t:ui.  n  In  the^  results  from  those  of  Saunders.    Th=s  may  be  due 
;    t  Ta  t    hat  Saunders  used  standard  aluminium  and  zmchnes 
labile  in  this  work  the  gas  lines  measured  by  Lyman  were  used  as 
standards. 
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Lead. 


The  lea<l  vacuum  arc  .pectrum  was  obtained  by  putting  lea.l  in 
iron  terminal,  in  the  ^acuum  arc  lamp.  The  arc  was  alm<,.t  c.n- 
ZJ^^^ry  intcn.,  Wing  sustained  by  a  curn^t  '.M  ampcn.^ 
As  it  was  n..l  possible  to  obtain  chemically  pure  lead  a  sample  o 
o^dinao  Lul.was  used.  Hence  some  of  the  lines  recorded  her..  n,ay  b.- 
due  to  impurities. 


Int. 

A 

VA 

A 
Saunders 

4 
5 

7 
5 

12 

g 

243C-5 
2403-0 
io94  0 
2246-2 
22(U-4 
2170-5 

41144 
41515 
41771 
44520 
45360 
46072 

2402-62 
2394  52 
2247-53 
2204-18 
2170-60 

g 

2060-5 

4853J 

2 
4 

2 

1925-8 

51926 

1913-7 
1904 • 2 

52255 
52527 

1904-88 

2 
2 

14 
10 

1 
2 

1898-7 

52668 

1895-5 
1821-7 
1796-5 

52756 
54894 
55664 

1822-06 
1796-53 

1744-2 

57333 

1741  1 

57435 

10 
12 

1726-2 
1682-5 

57930 

59435          1682-54 

12 

3 

1671-6 

S9»23 

1597-6 

62594 

12 

1.555-8 

64276 

4 

1511-7 

66150 

I 

1494-7 

66903 

I 

1492-7 

66993 

5 

1434-0 

69735 

5 

143:  9 

69837 

[.\ISSL1F.-Fll-LE»1 


ULTRA-VIOLET  OF  CERTAIN  METALS 
NlCKKL. 


7S 


The  vacuum  arc  spectrum  of  nickel  *as  ob  amed  m  a  s.m.lar 
The  Nacuum  i  ^^^  .^  ^,^^  te.mmals  of 

nunner  to  that  "»  '  ""'  ^;'^„„^.„,  ^^.j  ^.^s  7  ampores.  when  the 
•"^"  :;~  d.  sc!^  'Thil  ga^r;  "tr..n«  intermittent  arc  A  lar.e 
::;rr:.f  ^harp  td  wcifin.^  lines  appear  in  the  nickel  spctrum 

in  this  icpion. 
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Bloch  has  also  measured  the  spectrum  of  Nickel  down  to  A1851  . 
He  has  measured  a  great  number  of  lines  not  obtained  m  this  work. 
The  strong  lines  of  his  spectrum  correspond  fairly  well  with  the  strong 
lines  measured  above. 

Cobalt. 

The  vacuum  arc  spectrum  of  Cobalt  was  obtained  by  putting 
cobalt  in  iron  terminals.  The  current  used  was  about  12  ampere; 
when  the  circuit  was  closed.  This  gave  an  intense  intermittent  arc. 
The  spectrum  obtained  was  similar  to  that  of  iron  and  showed  up 
lines  that  belonged  to  Carbon.  Eder  and  Valenta's  work  covers  the 
lines  measured  in  this  work  down  to  A2173  ■  44.     Bloch  has  also  made 
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„K.suremonts  down  to  A1872-94.  but  hU  results  do  not  correspond 
;',:,:nth  tho.  given  below.  This  may  be  due  to  the  ac-t^hat  he 
used  a  spark  in  air,  rather  than  the  vacuum  arc  as  used  m  this  work. 
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Fr..m  A240O  tt.  A2000  the  experimental  error  is  probably  as 
n,uclt  us  one  angstrom  unit.  This  is  due  to  the  fact  that  the  disper- 
sion in  this  region  is  small,  being  about  -OSmm.  per  angstrom  unit 
also  the  lines  obtained  on  the  photographic  plate  are  not  as  well 
,l,.fincd.  These  measurements  are  given  for  a  guide  for  future  re- 
search work  with  vacuum  arc  sources. 

From  A2000  down,  the  probable  error  is  on  the  average  well 
within  half  an  angstrom  unit.  The  dispersion  vanes  from  -OeTmm. 
at  A2000  to  •20mm.  at  A1400  per  angstrom  unit. 

Summary  of  Results. 

The  vacuum  arc  spectra  of  copper,  zinc,  aluminium  carbon, 
iron.  tin.  lead,  thallium,  nickel  and  cobalt  have  been  tudted  frr.m 
A2400  to  A1400.  The  vacuum  arc  spectra  obtained  for  copper 
zinc  and  aluminium  were  found  to  correspond  with  the  results  obtained 
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for  the  «nark  xp^ctra  ..f  the«e  nuMal.  by  previous  observer..     For  tin. 

".  ■  n.Hhallium.  Saunders  han  «ivcn  measurement,  bet^-cn  about 
0(  an.1  At8CK).  which  correspond  f^-'v  -"  ^'^^  »^--'  "'tjiS; 
Several  new  lines  have  iK.-n  observed  an.l  measured  betwec-n  A1800 
a^d  A1400.  F..r  the  arc  spt-ctra  of  iron,  cobalt  n.ckel  ami  carbon^ 
^veral  line,  were  obtaint.l.  and  measured.  sonu>  of  wh.ch  corresponded 
with  rc^iults  given  in  pn-vious  work. 

Thi.  w.  rk  was  begun  by  Mr.  Aiuslie  under  the  d.rcct.on  o 

Professor  J.  C.  McLennan  and  continued  by  the  j-mt  authors  under 

the  direction  of  Professor  E.  F.  Burton. 
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